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Description 

[0001] This invention relates to treatment of medical conditions involving smooth muscle cell migration using the 
R(+) isomer of 3-ethyl-5-methyl-2-(2-aminoethoxymethyl)-4-{2-chlorophenyl)-1 ,4-dihydro-6-methylpyridine-3 5-dicarbo- 
xylate, a compound having the approved non-proprietary name "amlodipine". 

[0002J Amlodipine is a known calcium channel-blocking agent having vasodilatory activity and is currently used 
generally in the form of a pharmaceutical^ acceptable salt such as its maleate or besylate, in treatment of hypertension 
and angina. The compound and its preparation are described in European patent 0089167 Bl . Amlodipine is a racemic 
compound due to rts symmetry at position 4 of the dihydropyridine ring and the R- and S-enantiomers may be prepared 
by methods described in J. Med. Chem. 1986 2Q 1696 (Arrowsmith et al.) and European Patent Application 0331315 
A. It was formerly believed that the two resolved enantiomers consisted of the R-(-) and S-( + ) isomers but it has subse- 
Und are in fectthe S(') a "d the R(+) isomer, respectively (see J. Med. Chem., 25, 3341-3344 

L "I 9 ' 0 " " iS known that the cataium channel blockin 9 activitv of amlodipine is substantially confined 
J k ( 1 - ^ raCemi ° miXture * R(+) and SC_) forms: the R W isomer has little or no calcium channel blocking 
activity and so is not likely to have significant cardiovascular effects when administered to a patient, [see European Pat- 
ent Application 0 331 315 in conjunction with Goldman et al, J. Med. Chem., 35, 3341-3344 (1992)] 
[0003] It is known that calcium channel blockers in general tend to inhibit smooth muscle cell migration Thus they 
m^^m !° IT* 16 l6Si ° n dev ^°P ment in various ani mal models of atherosclerosis (see Arteriosclerosis 5; 250 

124 88-93 (1986) Handley et al.). During restenosis following balloon angioplasty and atherogenesis, vascular smooth 
muscle cells migrate from the media to the intima where they proliferate. It is believed that the efficacy of calcium chan- 
nel blockers m animal models of re-stenosis post-balloon angioplasty and atherosclerosis is due to inhibition of vascular 
rn^T ^ I™ 9 ' 3 * 0 " Snd subsec > uent reduclion in sm °oth muscle cell proliferation and neointimal formation 
S ™i, ' f lcium i c ^ anne ' b,ockers W °"W °° expected to be useful in the treatment of conditions of smooth 
muscle cell migration, including atherosclerosis, re-stenosis after angioplasty and endometriosis 
[0005] It has now been discovered, surprisingly and contrary to all existing theory, that the R(+) isomer of 
amlodipine, despite its lack of calcium channel-blocking activity, is a potent inhibitor of smooth muscle cell migration and 
h«*^tZ 'f h 9reater 5 an mat 01 the S <-> isomer of aml ^ipine and some other (down calcium channel- 

anJ^n ' ! l +) '2™ f a meanS °* conditions inv °'™9 smooth muscle cell migration without 

any concomitant cardiovascular effects. y uul 

££S ^ ther6fore wlicab * e t0 P atients for whom reduction of Wood pressure would be undesirable 
T*? /? US ' ° ne aSp6Cl ° f the inv6nti0n ^P" 563 406 R(+) isomer of amlodipine or a pharmaceutical^ acceptable 
« r^f ■£ r US6 ^ treatm6nt 0f °° nditions re ^ uirin 9 inhibition of oscular smooth muscle cell migration 

*V^L ™ e J™^ 0 " also P rovides use o f R( + ) isomer of amlodipine or a pharmaceutical* acceptable salt 

7! % 3 medlcamerTt for freatment <* conditions requiring inhibition of smooth muscle cell migration 
[0009] A further aspect of the invention provides a pharmaceutical composition comprising the R(+) isomer of 
amlodipine or a pharmaceutical ly acceptable salt thereof and a pharmaceutical* acceptable carrier or d fluent said 
composition being substantially free of calcium channei-blocking activity. 

S Mt J? 6 P h J maceutical| y «*eptable «* * amlodipine include the maleate and the besylate. The conditions 
Im^nl ' If 6 at ^ ero f ■ ,na 'P ient re-stenosis following angioplasty, and endometriosis. The R( + ) isomer of 
btodST ^ m ° f S( " } iS0m6r ^ ° f any 0th6r ""^ actn 9 35 a calcium channel- 

[001 1 ] The effect of the R(+) isomer of amlodipine on smooth muscle cell migration was demonstrated using an aor- 
tic explant assay method in which the modulation, migration and proliferation of smooth muscle cells are assessed 
using primary cultures of rabbit aortic smooth muscle cells as described in Atherosclerosis fi£ 227-237 (1191) In this 
method ur^orrn pieces of intimal/medial tissue from rabbit aorta were cultured in individual wells of a we I plate Migra- 
tion was .nduced by addition of platelet-derived growth factor to the culture. Following a lag phase of several days the 
smooth muscle cells migrated from the explarrted tissue and proliferated. Y 
[001 2] The distance covered by the outgrowing smooth muscle cells was measured 

™ !?? * ^L!!? ay Wa f C8rried 0Ut Wfth Varyinfl OTncertration s of test compound added to the culture. The com- 
pounds thus .tested were the maleate salts of the racemic mixture of R(+) and S(-) amlodipine, the maleate salts of R( + ) 
5E2" } S6parate,y and the ^ ca,dum channel-blocking agents nitrendipine arxl verapamil * ' 

~> ^LT*? 181 " - Sh0W1 TablS 1 ' Which the P ercenta 9e inhibition of smooth muscle cell migra- 
tion for concentrations of test compound of 1 nanomole and 0.1 nanomole are recorded 

[001 5] The racemic, R(+) and S(-) forms of amlodipine maleate were also tested for inhibition of K + -induced rat aor- 

SSSSTi y ! d T ibed by BUr96S 6t a '' ^CwBQ^Phnmw^ 2(1) 1 10-9; The ICso (50% inhibitory 

concentration) values in nanomoles are also recorded in Table 1 and afford a measure of calcium ^hannel^locWng 
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TABLE 1 
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% inhibition of SMC migra- 
tion from explants 


inhibition of K + induced 
rat aortic contraction 


Compound 


1nM 


0.1nM 


IC 50 (nM) 


Amlodipine (racemate) 


33 


39 


2 


Amlodipine R(+) 


39 


36 


1000 


Amlodipine S(-) 


30 


21 


1 


Mitrendipine 


28 


14 




Verapamil 


22 


13 
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[001 6] It is evident from these results that the R(+) enantiomer of amlopidine is effective in inhibiting smooth muscle 
cell migration even though its activity as a calcium channel blocker is negligible. 

[0017] For administration to man in the curative or prophylactic treatment of conditions involving smooth muscle 
migration, oral doses of R(+) amlodipine or its salts may be in the range of 2-10 mg daily for an average adult patient 
(weighing 70 kg), that is a range similar to that used for amlodipine in the treatment of hypertension. However, the 
absence of cardiovascular effects allows administration of much larger doses than would be recommended for the cal- 
cium channel-blocking S(-) isomer or the racemate, with a correspondingly greater effect on cell migration. The oral 
dose of R(+) amlodipine or a salt thereof for the average adult patient may thus be 20mg or more and up to 1 0Omg/day, 
or even greater. The actual dose used will be determined by a physician considering the age, weight, condition and 
medical history of the patient. For a typical adult patient individual tablets or capsules are likely to contain 1 to 100mg 
of active compound, in a suitable pharmaceutical vehicle or carrier. Dosages for intravenous administration would be in 
the range of 1-20mg of active compound per single dose as required. Thus, according to another aspect of the inven- 
tion, there is provided a unit dose of a pharmaceutical composition substantially free of calcium channel-blocking activ- 
ity containing (for oral administration) from 1 mg to 1 0Omg, preferably 20 to 100mg, of the R(+) isomer of amlodipine or 
a pharmaceutical^ acceptable salt thereof. A further aspect of the invention provides such a unit dose for intravenous 
administration containing from 1 to 20mg of the R(+) isomer of amlodipine or salt thereof. 



35 Claims 



1 . The R(+) isomer of amlodipine or a pharmaceutically acceptable salt thereof for use in the treatment of conditions 
requiring inhibition of vascular smooth muscle cell migration. 

40 2. Use of the R(+) isomer of amlodipine or a pharmaceutically acceptable salt thereof for making a medicament for 
treatment of conditions requiring inhibition of smooth muscle cell migration. 

3. A pharmaceutical composition comprising the R(+) isomer of amlodipine or a pharmaceutically acceptable salt 
thereof and a pharmaceutically acceptable carrier or diluent, said composition being substantially free of calcium 

45 channel-blocking activity. 

4. A unit dose of a composition according to claim 3. for oral administration, containing from 1 mg to 1 0Omg of the R(+) 
isomer of amlodipine or a pharmaceutically acceptable salt thereof. 

so 5. A unit dose according to claim 4, containing at least 20mg of the R(+) isomer of amlodipine or a pharmaceutically 
acceptable salt thereof. 

6. A unit dose of a composition according to claim 3 for intravenous administration, containing from 1 mg to 20mg of 
the R(+) isomer of amlodipine or a pharmaceutically acceptable salt thereof. 
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PatentansprQche 

1 . R(+)-lsomer von Amlodipin oder ein pharmazeutisch vertragliches Salz davon zur Verwendung bei der Behandlung 
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von Zustanden, die die Hemmung der Migration von vaskuiaren Glattmuskeizellen erfordern. 

2. Verwendung des R(+)-lsomers von Amlodipin oder eines pharmazeutisch vertraglichen Safzes davon zur Herstel- 
tung eines Arzneimittels zur Behandlung von Zustanden, die die Hemmung der Migration von Glattmuskeizellen 
erfordern. 

3. Pharmazeutische Zusammensetzung, umfassend das R(+)-lsomer von Amlodipin oder ein pharmazeutisch ver- 
trdgliches Salz davon und einen pharmazeutisch vertraglichen TrSger oder ein pharmazeutisch vertragliches Ver- 
dunnungsmittel, wobei die Zusammensetzung im wesentlichen frei von Calciumkanal-blockierender Wirkung ist. 

4. Dosierungseinheit einer Zusammensetzung nach Anspruch 3 zur oralen Verabreichung, die 1 mg bis 100 mg des 
R(+)-lsomers von Amlodipin oder eines pharmazeutisch vertraglichen Salzes davon enthait. 

5. Dosierungseinheit nach Anspruch 4, die mindestens 20 mg des R(+)- Isomers von Amlodipin oder eines pharma- 
zeutisch vertraglichen Salzes davon enthait. 

6. Dosierungseinheit einer Zusammensetzung nach Anspruch 3 zur intravenOsen Verabreichung, die 1 mg bis 20 mg 
des R(+) -Isomers von Amlodipin oder eines pharmazeutisch vertraglichen Salzes davon enthait. 

Revendlcatlons 

1 . Isomere R(+) d'amlodipine ou un de ses sels pharmaceutiquement acceptables, destine a Stre utilise dans le trai- 
tement d'affections necessitant une inhibition de la migration des cellules musculaires lisses vasculaires. 

2. Utilisation de I'isomere R(+) d'amlodipine ou d'un de ses sels pharmaceutiquement acceptables pour la preparation 
d'un medicament destin6 au traitement d'affections necessitant une inhibition de la migration des cellules muscu- 
laires lisses. 

3. Composition pharmaceutique comprenant I'isomere R(+) d'amlodipine ou un de ses sels pharmaceutiquement 
acceptables et un support ou diluant pharmaceutiquement acceptable, ladite composition 6tant pratiquement 
depourvue d'activite de blocage du canal calcium; 

4. Dose unitaire d'une composition suivant la revendication 3, pour I'administration orale, contenant 1 mg a 100 mg 
de I'isomere R(+) d'amlodipine ou d'un de ses sels pharmaceutiquement acceptables. 

5. Dose unitaire suivant la revendication 4, contenant au moins 20 mg de I'isomere R(+) d'amlodipine ou d'un de ses 
sels pharmaceutiquement acceptables. 

6. Dose unitaire d'une composition suivant ia revendication 3 pour I'administration intraveineuse, contenant 1 mg a 20 
mg de I'isomere R(+) d'amlodipine ou d'un de ses sels pharmaceutiquement acceptables. 



